Background Several studies have demonstrated the benefit of the patency of infarct-related artery (IRA) in acute myocardial infarction (AMI). However those studies have not been concerned with myocardial viability in the region-at-risk. In the present study the effect of the patency of IRA was investigated in the setting of anterior AMI with poor viable myocardium in the risk region.
eperfusion therapy in the first hours following the onset of acute myocardial infarction (AMI), whether by thrombolytic therapy 1,2 or percutaneous coronary intervention (PCI), has clearly demonstrated benefits on mortality and ventricular function. 3, 4 The improvement is thought to be primarily related to a reduction in infarct size.
However, several studies have suggested that even if patency of the infarct-related artery (IRA) is achieved late (ie, too late to prevent myocardial necrosis), the short-and long-term patient outcomes are still better than those of patients whose IRA remains totally-occluded. 5, 6 Late PCI has recently been shown to be associated with a high success rates, low complication rates, and a low incidence of reocclusion. 7 Bauters et al reported in 1999 that late reocclusion after successful coronary angioplasty for an IRA was a powerful predictor of long-term mortality, 8 but in the stent era, the greater likelihood that the IRA can be kept patent has, to some extent, altered the clinical landscape.
The previous studies of late reperfusion, IRA patency and potential long-term benefits, that is, the 'open vessel theory', have not been concerned with the viability of the at-risk region of the IRA, meaning that the beneficial effect may simply be attributable to the recovery of stunned or hibernating myocardium. The beneficial effect of IRA patency for patients with poor viable myocardium in the infarction area has not been well investigated and studies are necessary to determine the beneficial effects of IRA patency more fully and accurately.
In the present study, we evaluated the efficacy of the 'open vessel theory' by looking at the incidence of adverse cardiac events, left ventricular (LV) function, and healthrelated quality of life (HRQOL) in anterior AMI patients with similar backgrounds who were admitted to 2 hospitals with different primary strategies for AMI.
Methods

Study Design
This study was a retrospective analysis of 2 similar patient populations admitted to either The Baba Memorial Hospital or The Osaka City University Hospital. These 2 institutions had different primary strategies, and this study was designed to assess the effect of the patency of the IRA in patients with poor myocardial viability.
All patients in the study were admitted to one of these institutions between 1993 and 1996 for a first-time anterior AMI, arrived at the coronary care unit >12 h after onset, and prior to discharge underwent symptom-limited exercise 201 Tl myocardial single photon emission computed tomography (SPECT) scintigraphy with re-injection that revealed very poor viability in the region-at-risk. Our research took place from January 2001 to May 2001 during which period all patients with whom we were able to make contact (as well as those patients whose deaths could be confirmed by their families) were eligible for inclusion. We excluded from the study patients who suffered mortality within 1 year of onset of symptoms, in order better to reflect the beneficial effects of the IRA being open, irrespective of the patient's condition in the acute phase. Study patients were assigned to either a Non-Open group or an Open group on the following basis.
The Baba Memorial Hospital, on the basis of the report of Hirayama et al about the efficacy of late reperfusion, 9 had a strategy of reperfusing patients even >12 h after the onset of symptoms. Patients treated at this hospital and who met the following criteria made up the Open Group: (a) successful PCI for the left anterior descending artery (LAD) at the time of admission; (b) repeat coronary angiography (CAG) after 1 month of cardiac rehabilitation revealed patency of the LAD; and (c) further CAG at 6 months after onset also showed a patent LAD. In this population of 150 patients, 3 died within 1 year of onset, 9 could not be contacted, and 89 were unavailable for repeat CAG and 201 Tl myocardial SPECT evaluation, leaving a final total of 49.
The Osaka City University Hospital had a policy of no PCI for patients >12 h after onset unless they presented with fresh episodes of angina pectoris. Patients treated at this hospital and who met the following criteria made up the Non-Open Group: (a) no PCI in the acute phase; (b) CAG after 1 month of cardiac rehabilitation revealed total occlusion of the LAD; and (c) no PCI performed in the occluded artery. In this population of 175 patients, there were 8 mortalities within 12 months, 17 patients could not be contacted, and 106 were unavailable for repeat CAG and 201 Tl myocardial SPECT observation, leaving a total of 44 subjects in the Non-Open group.
The following were held to be reasons for exclusion from the study. (a) a spontaneously reperfused IRA at the time of first CAG; (b) previous coronary bypass surgery; (c) left main coronary artery disease; (d) bypass surgery during the follow-up period; (e) severe valvular disease; or (f) some other life-threatening disease.
The study protocol was approved by the Ethics Committees of the Osaka City University Hospital and the Baba Memorial Hospital. We obtained written informed consent from all patients.
Interventional Procedure (Open Group)
AMI was defined as follows: typical chest pain >30 min duration; creatine kinase (CK) >150 IU; and ECG evidence of AMI (ST elevation >1 mm on contiguous leads or the subendocardial pattern). Following the diagnosis of AMI, PCI was performed according to standard techniques in patients in the Open group only at the time of admission, after administration of heparin (10,000 U). Angiographic success was defined as Thrombolysis in Myocardial Infarction grade 2 or 3 flow and <50% diameter stenosis after intervention. Balloon angioplasty was accompanied by administration of aspirin, and stent implantation by ticlopidine.
Cardiac Catheterization Prior-to-Discharge
Following intravenous administration of heparin (5,000 U), CAG and left ventriculography (LVG) were performed using standard techniques for all patients in both groups. CAG used multiple views to visualize the IRA, whereas LVG used a 30-degree right anterior oblique projection. LV ejection fraction (LVEF), end-diastolicvolume index (LVEDVI), and end-systolic-volume index (LVESVI) were calculated using the area-length method 10 to evaluate LV function.
Assessment of Myocardial Viability
In order to evaluate residual myocardial viability, all patients underwent symptom-limited exercise 201 Tl myocardial SPECT with re-injection of 201 Tl at rest immediately after stress-redistribution imaging at 1 month after the onset of AMI. 11, 12 To evaluate myocardial viability in the risk territory, all SPECT images, including the re-injection image, were evaluated by 2 experienced observers who reached a consensus in their results. Poor viable myocardium in the region of the LAD was defined as severely reduced or absent uptake in the anterior, septal or apical region of the LV. Semi-quantitative assessment of myocardial viability used the 'Imaging Guidelines For Nuclear Cardiology Procedures'. 13 The LV was divided into 17 segments, and each segment was scored: 0, normal perfusion; 1, mild reduction; 2, moderated reduction; 3, severe reduction; 4, absent reduction. The averaged value of 7 segments of those are thought to be perfused by LAD was calculated.
Follow-up Angiography
Follow-up CAG was performed 6 months after onset in all patients in the Open group to confirm IRA patency and to assess restenosis. Restenosis was defined, using quantitative CAG, as >50% luminal narrowing in the coronary artery segment that underwent PCI.
Long-Term Follow-up
As the long-term follow-up data, the incidence of death and cardiac events were investigated from a systematic review of the 2 hospitals' outpatient charts. Cardiac death was defined as death from congestive heart failure (CHF) or recurrence of myocardial infarction (MI) and sudden death. Rehospitalization because of CHF or recurrence of MI and cardiac death was considered a cardiac event. Information about patients referred to other hospitals was obtained by telephone interviews with the patients or their general practitioners, as well as with the hospitals they attended. Information about deceased patients was obtained from family members, their general practitioners, and the hospitals to which they had been admitted.
Measurement of LV Function in the Chronic Phase
During the research period, LV function was assessed by 2-dimensional (D) echocardiography, done in the standard manner. LV end-diastolic volume (LVEDV) and end-systolic-volume (LVESV) were measured using a Simpson rule algorithm, and the LVEDVI and LVESVI were calculated. LVEF was calculated according to the formula (EDV -ESV)/EDV × 100%. For the diastolic function of the LV, LV inflow velocities were measured by pulsed Doppler echocardiography. Early (E) and late (A) filling velocities and the deceleration time of early filling (Dct) were measured from direct tracing of the instantaneous time -velocity curves. The ratio of early-to-late filling velocities (E/A) was then calculated. A restrictive filling pattern was diagnosed when the Dct <150 ms. 14, 15 As with impaired LV function, the presence of LV thrombus and aneurysm were also evaluated.
Another blood sample was taken from the peripheral vein for brain natriuretic peptide (BNP) measurement, during echocardiography. The plasma BNP concentration was measured with an immunoradiometric assay kit (Shionogi, Osaka, Japan) and expressed in pg/ml.
HRQOL
HRQOL is a multi-dimensional concept reflecting a patient's own perception of the quality of their physical, psychological, and social life. 16, 17 To evaluate these aspects we developed a self-administered questionnaire, based on the 'Duke Activity Status Index' 18 and the 'Minnesota Living With Heart Failure Questionnaire'. 19 We simplified the overall scoring system to be 0 or 1 points awarded per question, with a higher overall score indicating better function.
Statistical Analysis
Values are expressed as mean ± SD. Comparisons between groups were performed using Student's t-test for normally-distributed continuous variables, the Mann-Whitney U test for non-parametric continuous variables, or the 2 test for categorical data. A p-value <0.05 was considered significant. Differences in survival between the 2 groups were evaluated by the Kaplan-Meier Method, and compared with the log-rank test.
Results
Baseline Patient Characteristics
In total, there were 44 patients in the Non-Open group and 49 in the Open group; 9 patients in the Open group (18%) underwent stent implantation. Baseline patient characteristics are shown in Table 1 . There were no significant differences in age, sex, coronary risk factors or the presence of pre-MI angina between the 2 groups. The degree of heart failure measured by the Forrester classification on admission was similar in the 2 groups. In terms of infarct size, maximum CK concentrations were similar in the 2 groups.
The angiographic characteristics of the 2 groups before discharge are also shown in Table 1 . The number of diseased vessels was similar and there were also no significant differences in LV volume or systolic function at 1 month after the onset of AMI. Results of 201 Tl myocardial SPECT were also similar, as shown in Table 2 . 
LV Function in the Chronic Phase
In the present study, 29 patients (83%) in the Non-Open group and 37 patients (79%) in the Open group underwent 2-D echocardiography (Table 3) . LV volume was significantly smaller and LVEF significantly better in the Open group than in the Non-Open group (EDVI: 73.6±19.8 vs 97.8±33.9 ml/m 2 ; ESVI: 44.0±15.6 vs 61.9±27.1 ml/m 2 ; LVEF: 46.5±10.0 vs 39.4±9.7%, p<0.05, respectively). All patients in both groups had akinesis or dyskinesis in the anteroseptal region of the LV. In terms of diastolic function, the number of patients with a restrictive diastolic pattern was significantly larger in the Non-Open group (7 vs 2, p=0.04). LV thrombus and aneurysm were detected only in Non-Open group patients (4 and 7 cases, respectively).
Plasma BNP concentrations were significantly higher in the Non-Open group (55.8±33.1 vs 29.9±20.0 pg/ml, p=0.04) (Fig 1) .
Long-Term Follow-up
Long-term follow-up data are shown in Table 4 . During the 5-year period, 7 patients (16%) died from cardiac causes (1 of CHF, 2 of recurrent MI and 4 of sudden death) in the Non-Open group and 1 patient (2%) from cardiac causes (CHF) in the Open group. Cardiac death occurred significantly more frequently in the Non-Open group (p=0.02). There were 2 cases (5%) of non-cardiac death in the Non-Open group and 1 (2%) in the Open group. The total incidence of death was significantly higher in the Non-Open group (p=0.02). Adverse cardiac events, including cardiac death, recurrence of MI and CHF, occurred significantly more frequently in the Non-Open group (10 vs 1 subjects, p=0.01). Kaplan-Meier survival curves for cardiac mortality and total mortality (Fig 2A,B) showed Kaplan-Meier survival curves for cardiac mortality (A), total mortality (B), and event free survival curves for adverse cardiac events (C) of patients in both groups. In terms of cardiac death and cardiac events, including cardiac death, non-fatal recurrence of MI and development of CHF, Open group patients had a better prognosis than Non-Open group patients during the 5-year follow-up period.
that the Non-Open group had a significantly worse prognosis than the Open group (p=0.01), and the Kaplan-Meier event-free survival curves for adverse cardiac events (Fig 2C) showed that the Non-Open subjects had poor prognoses for cardiac events during the 5-year follow-up (p=0.008).
Further analysis of the 5-year follow-up period failed to show any significant differences between the groups in terms of medications, such as -blocking agents or angiotensin-converting enzyme inhibitors. Cox proportional hazards analysis showed that an occluded IRA (hazard ratio 34.4, p=0.01) and hypertension (hazard ratio 5.5, p=0.04) were significantly associated with adverse cardiac events (Table 5) .
HRQOL Analysis
Our HRQOL questionnaire was completed by 30 NonOpen group patients (86%) and 39 Open group patients (83%). Physical and social function or well-being were significantly better in the Open group (p<0.05, respectively), but there was no significant difference for psychological well-being (Table 6 ).
Discussion
We believe that we are the first to report the importance of IRA patency in AMI patients known to have poor myocardial viability in the region-at-risk. The importance and efficacy of late reperfusion and maintained patency have been previously reported as dependent on inhibition of LV remodeling and not reduction in infarct size, 6 but residual myocardial viability in the region-at-risk was not considered. Though there is no doubt that the time elapsed since the onset of symptoms and the extent of collateral flow play a part, early reperfusion and similarly, salvage of residual myocardium and recovery of stunned or hibernating myocardium may also play an important role.
Effects of IRA Patency
The largest factor in the better prognosis of the patients in the Open group compared with the Non-Open group was, we suspect, that LV remodeling was inhibited by reperfusion therapy. Cases of transmural myocardial infarction with no viable myocardium often show severe LV remodeling. [20] [21] [22] However, we did not observe any significant differences between the groups in terms of acute-stage LV volume or LVEF, although in the long-term the Open group patients showed significantly smaller LV volumes and significantly better LVEF.
It has been reported that LV dilatation and reduced LV function are closely related to electrical instability 23 and that patients with associated cardiac failure and ventricular arrhythmia have a high risk of sudden death. 24 In the present Non-Open group, the remarkable degree of remodeling resulted in diminished systolic and diastolic LV function, which in turn led to dysfunctional circulation and electrical instability, in themselves one cause of the significantly higher incidence of adverse cardiac events. 25, 26 These are also be reflected in the differences in the BNP concentrations in both groups, 27, 28 and the different proportions of patients showing a restrictive LV relaxation pattern. 25 Generally, the degree of LV remodeling is determined by the relative tensile strength of the scarred collagen at the infarct site and the increased load, and if increase in wall stress does not normalize, remodeling may extend to both the border of the infarct zone and the non-infarct zone. This may be one reason for our result demonstrating that not only occluded IRA but also hypertension was associated with adverse cardiac events (Table 5) . Further, we suspect that the mechanism may be based on differences in the structure of connective tissue and microvasculature; in other words, on differences in the healing process such as collagen metabolism, morphological changes in necrotic tissue, the number of residual capillaries, and the resulting inflammation at the infarct site. Although -blocking agents and angiotensin-converting enzyme inhibitors inhibit remodeling and improve neurohormonal conditions, 20, [27] [28] [29] [30] there were no differences in the medical regimens of the 2 groups and therefore we do not consider that these agents had a great influence. The primary mechanism of the benefit to be gained from IRA patency is inhibition of LV remodeling, and residual myocardial viability is not a major factor in this. In fact, almost all patients in both groups had akinesis in the anteroseptal region, and no improvement was observed during the follow-up period. Furthermore, as well as LV function, the advantages of the patent IRA were seen in HRQOL outcomes. Study Limitations First and foremost, this was neither a randomized nor a prospective analysis. However, in the patient population drawn from 2 institutions with different treatment strategies, we found no significant differences in acute-stage LVEF, LVEDVI or LVESVI, nor, excluding those cases that suffered mortality within 1 year of onset, did we observe any great difference between the groups in the severity of MI. This would imply that selection bias should be lower than would be the case for a simple retrospective study of a single hospital. Second, the study population was highly selective and relatively small, so our results may not be generally applicable to the post-MI population. Third is our use of exercise 201 Tl myocardial SPECT with re-injection at 1 month after the onset of AMI for determining the degree of myocardial viability. The possibility exists that we missed some residual viable myocardium at the time of patient selection. The current 'gold standard' for assessing myocardial viability is positron emission tomography (PET). However the assessment of myocardial viability is a complex issue, and of the several studies that have compared PET and 201 Tl myocardial SPECT with re-injection, 11, 12, [31] [32] [33] [34] some have reported that there is a possibility that 201 Tl myocardial SPECT with re-injection underestimates the extent of tissue viability, although it has ≥80% of the diagnostic accuracy of PET. 33, 34 Furthermore, the wall motion of myocardial segments that do not have new fill-in on 201 Tl myocardial SPECT with re-injection rarely improves after bypass surgery. 11 In addition, the cost -benefit ratio of PET for management of CAD has not been defined. We therefore believe that our assessment is essentially accurate and the fact that we saw no improvement in wall motion in the present patients suggests that also. Fourth, we used CAG at 1 month after the onset of AMI to determine the occluded IRA in the Non-Open group, which means we did not assess spontaneous reperfusion of the IRA. Finally, to evaluate LV function in the chronic phase, we performed 2-D echocardiography not LVG, meaning that serial changes in LV volume and function in each patient were not evaluated.
Clinical Implications
Our results suggest beneficial effects of late reperfusion and patent IRA on the long-term prognosis of anterior AMI patients with poor viable myocardium in the region-at-risk. Therefore, in the modern stent era where coronary patency can easily and reliably be secured, reperfusion therapy through PCI is beneficial not only in the acute phase but also in the sub-acute to chronic phase, even in patients with little or no viable myocardium in the region-at-risk. The importance and significance of reperfusing the IRA, at least in cases of anterior AMI, may therefore go beyond the traditional goal of acute myocardial salvage, and may continue to be beneficial even after the clinical 'completion' of infarction.
The 'open-vessel theory', which is not dependent on the recovery of viable myocardium, suggests an important role for PCI beyond the acute phase of anterior AMI. Further examination and extension of the indications for PCI may provide still increased benefits for anterior AMI patients, even when there is poor viability in the region of the myocardium at risk.
